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Development of Plasma Nitriding in RF Active Screen Plasma 
ᐑᮏ₶♧* 
Junji MIYAMOTO 
Summary 
Active screen plasma nitriding is a unique prospective method for treating various engineering materials to 
achieve higher surface hardness, while maintaining the material's core properties. However, active screen plasma 
nitriding method requires an electrode with conductive properties. In this study, the development of the RF 
plasma nitriding system was performed. Moreover, the characteristics of the apparatus was investigated owing to 
achieve the active screen plasma nitriding using RF power.  
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㔠ᆺࡸᕤල࡞࡝ࡢ⾲㠃◳໬ฎ⌮࡜ࡋ࡚⎔ቃ࡟ඃࡋࡃ㸪
ฎ⌮᫬㛫ࡀẚ㍑ⓗ▷࠸࢖࢜ࣥ❅໬ࡀᗈࡃ⾜ࢃࢀ࡚࠸ࡿ
1~4)㸬⌧ᅾ㸪࢖࢜ࣥ❅໬ࡢ୺ὶ࡞᪉ἲࡣ┤ὶࢢ࣮ࣟᨺ㟁
ࢆ⏝࠸ࡓ࢖࢜ࣥ❅໬࡛࠶ࡿࡀ㸪ࡇࡢ᪉ἲࡣࢫࣃࢵࢱࣜ
ࣥࢢ࡟ࡼࡾ⾲㠃ࡀⲨࢀ㸪ࡉࡽ࡟ࡣ⿕ฎ⌮≀ࡢ࢚ࢵࢪ௜
㏆ࡢࡳ❅໬ᒙࡀཌࡃᙧᡂࡉࢀࡿ࢚ࢵࢪຠᯝࡀⓎ⏕ࡋ㸪
ᆒ୍࡞❅໬ᒙࢆᙧᡂࡍࡿࡇ࡜ࡣᅔ㞴࡛࠶ࡿ㸬ࡇࢀࡽࡢ
ၥ㢟ⅬࢆゎỴࡍࡿࡓࡵ࡟㸪㏆ᖺ࢔ࢡࢸ࢕ࣈࢫࢡ࣮ࣜࣥ
ࣉࣛࢬ࣐❅໬ࡀ⾜ࢃࢀࡿࡼ࠺࡟࡞ࡗ࡚ࡁ࡚࠸ࡿ 5)~6)㸬࢖
࢜ࣥ❅໬ࡣ⿕ฎ⌮≀ࢆ㝜ᴟ㸪⅔ࢆ㝧ᴟ࡜ࡋ࡚❅໬ࢆ⾜
ࡗ࡚࠸ࡓࡀ㸪ࡇࡢ᪉ἲ࡛ࡣヨᩱࡢ࿘ᅖ࡟✰ࡀ✵࠸ࡓࢫ
ࢡ࣮ࣜࣥࢆタ⨨ࡋ㸪ࡇࡢࢫࢡ࣮ࣜࣥࢆ㝜ᴟ࡜ࡋ࡚ࣉࣛ
ࢬ࣐ࢆⓎ⏕ࡉࡏ㸪ࢫࢡ࣮ࣜࣥෆ㒊ࡢ⿕ฎ⌮≀ࢆ❅໬ࡍ
ࡿ㸬ࡇࡢࡓࡵ㸪ࣉࣛࢬ࣐⏕ᡂᶵᵓ࠿ࡽ⊂❧ࡋ࡚⿕ฎ⌮
≀ࡢ㟁఩ࢆไᚚࡍࡿࡇ࡜ࡀ࡛ࡁ㸪ไᚚᛶ࡟ඃࢀ㸪࢚ࢵ
ࢪຠᯝࡶ࡯࡜ࢇ࡝Ⓨ⏕ࡏࡎᆒ୍࡟❅໬ᒙࢆᙧᡂࡍࡿࡇ
࡜ࡀฟ᮶ࡿ 7)~8)㸬ࡉࡽ࡟ࡣ᪤Ꮡࡢ࢖࢜ࣥ❅໬ࡢ⿦⨨ࢆ฼
⏝ࡋ࡚ฎ⌮ࢆࡍࡿࡇ࡜ࡀ࡛ࡁࡿࡓࡵ㸪タഛ㈝⏝ࡀ࡯࡜
ࢇ࡝ኚࢃࡽࡎ㸪௒ᚋᗈࡃᬑཬࡋ࡚࠸ࡃ࡜⪃࠼ࡽࢀࡿ㸬 
ࡋ࠿ࡋ㸪ࡇࡢ᪉ἲ࡛ࡣࢫࢡ࣮ࣜࣥࡀ⤯⦕య࡛そࢃࢀࡿ
ࡇ࡜࡛ᨺ㟁ࡀ㉳ࡇࡽࡎ㸪ࣉࣛࢬ࣐ࡀⓎ⏕ࡋ࡞࠸㸬ࡲࡓ㸪
┤ὶࢆ⏝࠸࡚ᨺ㟁ࢆ㉳ࡇࡋ࡚࠾ࡾ㸪㧗┿✵ୗ࡛ࣉࣛࢬ
࣐ࢆⓎ⏕ࡉࡏࡿࡓࡵ࡟ࡣ㸪⅔࡜ࢫࢡ࣮ࣜࣥࡢ㊥㞳ࢆ㠀
ᖖ࡟኱ࡁࡃࡍࡿᚲせࡀ࠶ࡿࡓࡵ㸪㧗┿✵ୗ࡛ࡢฎ⌮࡟
ࡣྥ࠸࡚࠸࡞࠸㸬ࡇࡢࡇ࡜࠿ࡽ㸪❅໬ᚋࡢ⾲㠃࡟㧗⣧
ᗘࡢ◳㉁ⷧ⭷ࢥ࣮ࢸ࢕ࣥࢢࢆࡍࡿࡓࡵ࡟ࡣ㸪⅔࠿ࡽྲྀ
ࡾฟࡋ㸪ࢥ࣮ࢸ࢕ࣥࢢ⿦⨨࡟⿦ሸࡋฎ⌮ࢆ⾜࠺ᚲせࡀ
࠶ࡾ㸪࣮ࣜࢻࢱ࢖࣒ࡀቑຍࡍࡿ࡞࡝ࡢၥ㢟ࡶ࠶ࡿ㸬ࡑ
ࡇ࡛ᮏ◊✲࡛ࡣ᪂ࡋ࠸᪉ἲ࡜ࡋ࡚㧗࿘Ἴ㸦Radio 
Frequency; RF㸧㟁ຊࢆูࡢ㟁ᴟ࡟༳ຍࡍࡿࡇ࡜࡛࢔ࢡ
ࢸ࢕ࣈࢫࢡ࣮ࣜࣥࣉࣛࢬ࣐❅໬ࢆ⾜࠺㸬ࡇࡢ᪉ἲ࡛ࡣ㸪
㟁ᴟࡀ⤯⦕య࡛そࢃࢀ࡚࠸࡚ࡶࣉࣛࢬ࣐ࡀᏳᐃࡋ࡚Ⓨ
⏕ࡍࡿࡇ࡜ࡸ㸪ᖹᆒ⮬⏤ᕤ⛬ࡀᑠࡉࡃ࡞ࡿᑠᆺࡢ┿✵
⿦⨨ෆ࡛ࡶ㧗┿✵ୗ࡛ࣉࣛࢬ࣐ࢆⓎ⏕ࡉࡏࡿࡇ࡜ࡀ࡛
ࡁࡿ㸬ࡇࡢࡓࡵ㸪❅໬ฎ⌮ࢆࡋࡓᚋ࡟ࢥ࣮ࢸ࢕ࣥࢢࢆ
ྠࡌ⿦⨨ෆ࡛㧗࿘Ἴࣉࣛࢬ࣐CVDἲࢆ⏝࠸࡚⾜࠺ࡇ࡜
ࡀ࡛ࡁ㸪ฎ⌮᫬㛫ࡢ▷⦰࡟ࡶࡘ࡞ࡀࡿ࡜⪃࠼ࡽࢀࡿ㸬
 ᮏ◊✲࡛ࡣ㸪㧗࿘Ἴ㟁ຊࢆ༳ຍࡋࡓ㟁ᴟ࡜ࢫࢡ࣮ࣜ
ࣥࢆ⏝࠸࡚ࣉࣛࢬ࣐ࢆⓎ⏕ࡉࡏ❅໬ࢆ⾜࠸㸪ࡇࡢ᪂ࡋ
࠸❅໬ἲࡀ❅໬ᒙࡢᙧᡂ࡟୚࠼ࡿᙳ㡪ࢆ᫂ࡽ࠿࡟ࡋࡓ㸬
㸨 ኱ྠ኱ᏛᕤᏛ㒊ᶵᲔᕤᏛ⛉ 
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㸬ᮏ◊✲࡛⏝࠸ࡓヨᩱ࠾ࡼࡧᐇ㦂⿦⨨
 ᮏ◊✲࡛⏝࠸ࡓヨᩱ
ᮏ◊✲࡛ࡣ㸪⇕㛫㔠ᆺ⏝ྜ㔠ᕤල㗰࡛࠶ࡿ SKD61ࢆ
⏝࠸ࡓ㸬໬Ꮫᡂศࢆ Table 1 ࡟♧ࡍ㸬ྜ㔠ඖ⣲ࡢ Cr ࠾
ࡼࡧMo࡞࡝ࡀከࡃྵࡲࢀ㸪❅໬ࢆࡋࡓ㝿࡟◳໬ࡋࡸࡍ
ࡍࡃ㸪ホ౯ࡋࡸࡍ࠸ࡇ࡜࠿ࡽᮏ◊✲࡛⏝࠸ࡓ㸬ヨᩱࡢ
ᑍἲ㸪ᙧ≧ࡣȭ15t2 ࡢ෇┙≧࡜ࡋࡓ㸬ࡇࡢヨᩱࡢ⇕
ฎ⌮᮲௳ࡣ 1020Υ࡛ಖᣢ᫬㛫 80min㸪✵෭ࡢ┿✵↝ධ
ࢀࢆࡋ㸪ࡑࡢᚋ 550Υ࡛ಖᣢ᫬㛫 240minࡢ㧗 ↝ᡠࡋ
ࢆ3ᅇ࡜ࡋࡓ㸬❅໬๓ࡢヨᩱࡢ◳ࡉࡣ580HV࡛࠶ࡗࡓ㸬
❅໬ฎ⌮๓ࡢヨᩱࡢ⾲㠃ࡣ㸪#2000ࡲ࡛ࡢ‵ᘧ◊☻ࢆ⾜
ࡗࡓᚋ㸪⢏ᚄ 1Pmࡢ࢔࣑ࣝࢼ࡛ࣂࣇ◊☻ࢆ⾜ࡗࡓ㸬ヨ
ᩱ⾲㠃ࡢ⟬⾡ᖹᆒ⢒ࡉ Raࡣ⣙ 20nm࡛࠶ࡗࡓ㸬 
 ᮏ◊✲࡛⏝࠸ࡓᐇ㦂⿦⨨
ᮏ◊✲࡛⏝࠸ࡓᐇ㦂⿦⨨ࡢᴫ␎ᅗࢆ Fig.1㸪ࢳࣕࣥࣂ
࣮ࡢእほ෗┿ࢆ Fig.2࡟♧ࡍ㸬ᚑ᮶ࡢ࢔ࢡࢸ࢕ࣈࢫࢡࣜ
࣮ࣥࣉࣛࢬ࣐❅໬ἲ࡛ࡣ㸪ヨᩱࡢ࿘ᅖ࡟ࢫࢡ࣮ࣜࣥࢆ
㓄⨨ࡋ㸪ࡇࡢࢫࢡ࣮ࣜࣥࢆ㝜ᴟ㸪ࢳࣕࣥࣂ࣮ࢆ㝧ᴟ࡜
ࡋ࡚ࣉࣛࢬ࣐ࢆⓎ⏕ࡉࡏ❅໬ࢆ⾜࠺㸬ࡋ࠿ࡋ㸪ࡇࡢ᪉
ἲ࡛ࡣ๓㏙ࡋࡓࡼ࠺࡟㸪┤ὶࡢࡓࡵࢫࢡ࣮ࣜࣥࡀ⤯⦕
య࡛そࢃࢀࡿࡇ࡜࡛ᨺ㟁ࡀ㉳ࡇࡽࡎ㸪ࣉࣛࢬ࣐ࡀⓎ⏕
ࡋ࡞࠸㸬ࡲࡓ㸪㧗┿✵ୗ࡛ࡢฎ⌮࡟ࡣྥ࠸࡚࠸࡞࠸㸬
ࡑࡇ࡛㸪ᮏ◊✲࡛ࡣ 5) ࣉࣛࢬ࣐࡜࢔ࢡࢸ࢕ࣈࢫࢡ࣮ࣜ
ࣥࣉࣛࢬ࣐ࢆᛂ⏝ࡋ࡚㸪ヨᩱࡢ࿘ᅖ࡟タ⨨ࡋࡓ㟁ᴟ࡟
㧗࿘Ἴ㟁ᅽࢆ༳ຍࡍࡿࡇ࡜࡛ࣉࣛࢬ࣐ࢆⓎ⏕ࡉࡏ❅໬ 
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ࢆ⾜ࡗࡓ㸬ࢫࢡ࣮ࣜࣥࡢ㟁఩ࢆ⊂❧ࡋ࡚ไᚚࡍࡿࡇ࡜
ࡀ࡛ࡁࡿࡼ࠺࡟ࢫࢡ࣮ࣜࣥࡢୗ㒊࡟⤯⦕యࢆタ⨨ࡋࡓ㸬
࡞࠾㸪ᮏ◊✲࡛ࡣᕤᴗ⏝ࡢ࿘Ἴᩘ࡛࠶ࡿ 13.56MHzࡢ㧗
࿘Ἴ㟁※㸦᭱኱ 600㹕㸧ࢆ⏝࠸ࡓ㸬ᅗ 3࡟ࢫࢡ࣮ࣜࣥ࿘
㎶ࡢ෗┿ࢆ♧ࡍ㸬࡞࠾㸪㸦a㸧ࡣഃ㠃࠿ࡽࡢ෗┿㸪(b)ࡣ
ୖ㠃࠿ࡽࡢ෗┿࡛࠶ࡿ㸬❅໬୰ࡣຍ⇕ࢆࡍࡿᚲせࡀ࠶
ࡿ㸬ࡇࡢࡇ࡜࠿ࡽᅗ 1ࠊᅗ 3㸦a㸧ࡢࡼ࠺࡟ヨᩱࡢୗ㒊࡟
ࣄ࣮ࢱ࣮ࢆタ⨨ࡋ㸪❅໬୰࡟ຍ⇕ࢆ⾜ࡗࡓ㸬ࢫࢡ࣮ࣜ
ࣥࡢ㛤ཱྀࣃࢱ࣮ࣥࢆᅗ 4 ࡟♧ࡍ㸬ᮏ◊✲࡛ࡣࢫࢡ࣮ࣜ
ࣥࡢ㛤ཱྀ✰ࢆ┤ᚄ 2.5mm㸪ࣆࢵࢳࢆ 3.5mm㸪✰ゅᗘࢆ
60rࡢࢳࢻࣜ࡜ࡋࡓ㸬㛤ཱྀ⋡ࡣ 20㹼30%⛬ᗘࡀ᭱㐺࡜
ࡍࡿ◊✲ሗ࿌ࡀ࠶ࡿ 9)㸬ࡇࢀࡣᚑ᮶ࡢ࢔ࢡࢸ࢕ࣈࢫࢡࣜ
࣮ࣥ❅໬ࡢ࣓࢝ࢽࢬ࣒ࡀࢫࢡ࣮ࣜࣥࢆࢫࣃࢵࢱࡍࡿࡇ
࡜࡟ࡼࡗ࡚Ⓨ⏕ࡋࡓ㕲ཎᏊ࡜άᛶ໬ࡋࡓ❅⣲ཎᏊࡀ໬
ྜࡋ㸪❅໬㕲࡜࡞ࡗ࡚⾲㠃࡟྾╔㸪㕲ࢆゐ፹࡜ࡋ࡚❅
⣲ࡀᣑᩓࡍࡿ࡜࠸࠺࣓࢝ࢽࢬ࣒࡟㉳ᅉࡍࡿ㸬ࡋ࠿ࡋᮏ
◊✲࡛ࡣ㸪ࢫࢡ࣮ࣜࣥࡢ㟁఩ࢆ㧗ࡃࡋࡓࡓࡵ㸪ࢫࢡࣜ
࣮ࣥࡢࢫࣃࢵࢱࡣ࡯࡜ࢇ࡝㉳ࡁ࡞࠸㸬ࡼࡗ࡚ᚑ᮶ࡢࢫ
ࢡ࣮ࣜࣥࡢࢫࣃࢵࢱ࡟ࡼࡿ㕲ࡢゐ፹཯ᛂࡣ㉳ࡁࡎ㸪ά 
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RF powerScreen
Heater
SampleInsulator
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Fig.2 Photograph of the chamber 
(a) Side view (b) Top view 
Fig.3 Photographs of the screen in chamber 
C Si Mn P S Cr Mo V
0.36 0.92 0.43 0.008 <0.001 5.05 1.21 0.83
Material
SKD61
Fe
Bal.
Table1 Chemical composition of the sample 
Fig.1 Schematic diagram of the RF active screen 
plasma nitriding system 
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Power
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ᛶ໬ࡉࢀࡓ❅⣲࢖࢜ࣥࡸ❅⣲ཎᏊࡀ⇕ᣑᩓ࡟ࡼࡗ࡚ヨ
ᩱ୰࡟ᣑᩓ㸪ࡑࡢ⃰ᗘ࡟㉳ᅉࡋ࡚J’┦(Fe4N)㸪H┦(Fe3N)
ࡀ⏕ᡂࡍࡿ࡜⪃࠼ࡽࢀࡿ㸬ࡇࡢ❅໬࣓࢝ࢽࢬ࣒ࡀᚑ᮶
࡜኱ࡁࡃ␗࡞ࡿⅬ࡛࠶ࡿ㸬ࡇࡢⅬࡼࡾ㸪ᮏ◊✲࡛ࡣ㛤
ཱྀ⋡ࢆ 46%࡜ẚ㍑ⓗ኱ࡁ࡞್࡜ࡋࡓ㸬
 ᮏ◊✲ࡢᐇ㦂᮲௳
ᮏ◊✲ࡢᐇ㦂᮲௳ࢆ Table 2࡟♧ࡍ㸬RF㟁ຊࢆ 100W
ࡢ୍ᐃ㸪$U ࢞ࢫࢆ 0sccm㸪2sccm㸪10sccm ࡜ࡋ㸪N2࢞
ࢫࡢὶ㔞ࢆ 30%㹼100%ࡲ࡛ኚ໬ࡉࡏࡓ㸬ᅽຊࡣࢤ࣮ࢺ
ࣂࣝࣈࢆ⏝࠸࡚ 0.6Paࡢ୍ᐃ࡜ࡋࡓ㸬❅໬๓࡟ࡣ $U ࣉ
ࣛࢬ࣐࡟ࡼࡿࢳࣕࣥࣂ࣮ෆࡢὙίࢆ  ศ⾜ࡗࡓ㸬ヨᩱ
ࡢ ᗘࡣࣄ࣮ࢱ࣮ࢆ⏝࠸࡚ 500Υࡢ୍ᐃ࡜ࡋ㸪ຍ⇕ࡉࢀ
ࡓᚋ࡟ฎ⌮᫬㛫 6h࡛❅໬ࢆ⾜ࡗࡓ㸬ࢫࢡ࣮ࣜࣥࡣᾋ㐟
㟁఩࡜ࡋࡓ㸬ᮏᐇ㦂࡛ࡣ㸪ヨᩱࡢ㟁఩ࡣᾋ㐟㟁఩࡜ࡋ
࡚ᐇ㦂ࢆ⾜ࡗ࡚࠸ࡓࡀ㸪㟁ᴟ࠿ࡽࡢࢫࣃࢵࢱࣜࣥࢢ࡟
ࡼࡾ㸪❅໬ᚋࡢ⾲㠃ࡀởᰁࡉࢀࡓ㸬ࡇࡢࡇ࡜࠿ࡽヨᩱ
ࡢ㟁఩ࢆ⊂❧ࡋ࡚ไᚚࡍࡿࡇ࡜࡜ࡋ㸪-500Vࡢࣂ࢖࢔ࢫ
㟁ᅽࢆヨᩱ࡟༳ຍࡋࡓ㸬ࡲࡓ㸪ヨᩱࡢタ⨨఩⨨ࡀ❅໬
ᒙࡢᙧᡂ࡟୚࠼ࡿᙳ㡪ࢆㄪ࡭ࡿࡓࡵ࡟㸪タ⨨఩⨨ࢆࣄ
࣮ࢱ࣮ࡢୖ࠾ࡼࡧ㸪ࢫࢡ࣮ࣜࣥࡢୖ࡟タ⨨ࡋࡓ㸬ࢫࢡ
࣮ࣜࣥࡢୖ࡟タ⨨ࡋࡓᐇ㦂᮲௳ࡢሙྜࡣࣉࣛࢬ࣐࡟ࡼ
ࡿຍ⇕ࡢࡳ࡛❅໬ࢆ⾜ࡗࡓ㸬
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㸬ᐇ㦂⤖ᯝ࠾ࡼࡧ⪃ᐹ
㟁ᴟ㠃✚ࢆኚ໬ࡉࡏࡓ࡜ࡁࡢヨᩱࡢ⮬ᕫࣂ࢖࢔ࢫ㟁
ᅽ࠾ࡼࡧࣆ࣮ࢡ㛫㟁ᅽࡢኚ໬ࢆ Fig.5࡟♧ࡍ㸬ࢫࢡ࣮ࣜ
ࣥࡣ౑⏝ࡏࡎ㸪ヨᩱࡣࣄ࣮ࢱ࣮ࡢୖ࡟タ⨨ࡋࡓ㸬㟁ᴟ
ࡢ㠃✚ࡀቑຍࡍࡿ࡟ࡘࢀ࡚㸪㈇ࡢ⮬ᕫࣂ࢖࢔ࢫ㟁ᅽࡣ
ῶᑡࡋ㸪ṇࡢࣆ࣮ࢡ㛫㟁ᅽࡣቑຍࡍࡿഴྥࡀぢࡽࢀࡓ㸬
ࡇࡢࡇ࡜࠿ࡽ㸪㟁ᴟࡢ㠃✚ࢆኚ໬ࡉࡏࡿࡇ࡜࡛ヨᩱࡢ
⮬ᕫࣂ࢖࢔ࢫ㟁ᅽࢆไᚚ࡛ࡁࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓ㸬
ᮏ◊✲࡛ࡣ㸪ࣉࣛࢬ࣐ࡢᏳᐃᛶ࠿ࡽ㟁ᴟࡢ㠃✚ࡣ
120cm3⛬ᗘ࡜ࡋࡓ㸬 
ᮍฎ⌮࠾ࡼࡧ❅໬ᚋࡢヨᩱ⾲㠃ࡢ෗┿ࢆ Fig.6࡟♧ࡍ㸬
ヨᩱࡣࣄ࣮ࢱ࣮ࡢୖ࡟タ⨨ࡋ㸪ࢫࢡ࣮ࣜࣥࡣ౑⏝ࡏࡎ㸪
ヨᩱࡢ㟁఩ࡣᾋ㐟㟁఩࡜ࡋࡓ㸬ᮍฎ⌮ࡢヨᩱ⾲㠃ࡀ௒
᪥㙾㠃≧ែ࡛࠶ࡿࡢ࡟ᑐࡋ࡚㸪❅໬ᚋࡢヨᩱ⾲㠃ࡣࡍ
࡭࡚㸪㯮ࡃኚⰍࡋ࡚࠸ࡓ㸬N2㔞 80%ࡢ࡜ࡁ㸪ヨᩱ⾲㠃 
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60㼻
Aperture Ratio = 46%
Fig.4 Schematic diagram of the hole with screen 
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Fig.5 Relationship between voltage and electrode area 
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Fig.6 Surface photographs 
Table 2 Experimental conditions 
RF Power [W] 100
Ar gas mass flow [sccm] 0 2 10
N2 gas mass flow [%] 30 80 100
Treatment pressure [Pa] 0.6
Heater temperature [Υ] 500
Treatment time [h] 6
Screen voltage [V] Floating potential
Sample voltage [V] Floating potential, -500
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 
ࡢ㯮࠸⭷ࡢᐦ╔ຊࡣపࡃ㸪๤㞳ࡋࡓࡓࡵ㸪㙾㠃ᛶࢆ୍
㒊ྲྀࡾᡠࡋ࡚࠸ࡓ㸬ᮏ◊✲࡛⾜ࡗࡓ㟁ᴟࡢ⮬ᕫࣂ࢖࢔
ࢫ㟁ᅽࡣ-800V⛬ᗘ࡜㧗࠸ࡇ࡜࠿ࡽ㸪ヨᩱ⾲㠃࡟ᙧᡂࡋ
ࡓ㯮࠸ⷧ⭷ࡣ㟁ᴟࡀࢫࣃࢵࢱࡋࡓࡇ࡜࡟㉳ᅉࡍࡿ࡜⪃
࠼ࡽࢀࡿ㸬 
ᮍฎ⌮࠾ࡼࡧ❅໬ᚋࡢヨᩱ⾲㠃ࡢ⾲㠃⢒ࡉࢆ Fig.7࡟
♧ࡍ㸬ࢫࢡ࣮ࣜࣥࡣ౑⏝ࡏࡎ㸪ヨᩱࡢ㟁఩ࡣᾋ㐟㟁఩
࡜ࡋࡓ㸬ᮍฎ⌮ࡢヨᩱ⾲㠃ࡢ⟬⾡ᖹᆒ⢒ࡉࡀ 24nm࡟ᑐ
ࡋ࡚㸪❅໬ᚋࡢヨᩱࡢ⾲㠃⢒ࡉࡣ኱ࡁࡃኚࢃࡽ࡞࠿ࡗ
ࡓ㸬N2 㔞 80%ࡢ࡜ࡁ㸪⾲㠃⢒ࡉࡢቑຍࡀぢࡽࢀࡓࡀ㸪
ࡇࢀࡣヨᩱ⾲㠃ࡢ⭷ࡀ๤㞳ࡋࡓࡇ࡜࡟ࡼࡿ࡜⪃࠼ࡽࢀ
ࡿ㸬 
❅໬ᚋࡢヨᩱ⾲㠃ࡢ◳ࡉࢆ Fig.8࡟♧ࡍ㸬ࢫࢡ࣮ࣜࣥ
ࡣ౑⏝ࡏࡎ㸪ヨᩱࡢ㟁఩ࡣࡍ࡭࡚ᾋ㐟㟁఩࡜ࡋࡓ㸬ᮍ
ฎ⌮ࡢ◳ࡉࡀ 580HV⛬ᗘ࡛࠶ࡗࡓࡢ࡟ᑐࡋ㸪❅໬ᚋࡢ
ヨᩱ⾲㠃ࡢ◳ࡉࡣ N2 㔞 80%ࡢ࡜ࡁ᭱኱࡛ 1.7 ಸࡢ
980HV࡛࠶ࡗࡓ㸬SKD61ࡢ❅໬ᚋࡢᣑᩓᒙࡢ◳ࡉࡀ࠾
࠾ࡼࡑ 1200HV⛬ᗘ࡛࠶ࡿࡇ࡜࠿ࡽ㸪ᮏ◊✲࡛ᙧᡂࡋࡓ
❅໬ᒙࡣ❅⣲⃰ᗘࡀపࡃ㸪◳㉁࡞❅໬≀ࢆᙧᡂࡋ࡚࠸
࡞࠸࡜⪃࠼ࡽࢀࡿ㸬ࡇࢀࡣ㸪ヨᩱ⾲㠃࡟ⷧ⭷ࡀᙧᡂࡋ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ࡓࡓࡵ㸪❅⣲ࡢᅛ⁐ࡀ㜼ᐖࡉࢀࡓࡓࡵ࡜⪃࠼ࡽࢀࡿ㸬 
ୖグࡢ⤖ᯝ࠿ࡽヨᩱ⾲㠃࡟ࡣⷧ⭷ࡀᡂ⭷ࡉࢀ㸪ࡇࡢ
ࡇ࡜࡟ࡼࡾ㸪❅໬ࡉࢀ࡟ࡃࡃ࡞ࡗ࡚࠸ࡿ࡜⪃࠼ࡽࢀࡿ㸬
ࡼࡗ࡚㸪ヨᩱࡢ㟁఩ࢆ-500V࡜ࡋ࡚㸪⾲㠃࡟ᙧᡂࡉࢀࡿ
ⷧ⭷ࢆࢫࣃࢵࢱࣜࣥࢢ࡛㝖ཤࡋ࡞ࡀࡽ❅໬ࢆ⾜ࡗࡓ㸬
ࡲࡓ㸪ࢫࢡ࣮ࣜࣥࢆタ⨨ࡋ㸪ࡑࡢᙳ㡪ࢆㄪ࡭ࡓ㸬 
ヨᩱ࡟-500V ࡢࣂ࢖࢔ࢫ㟁ᅽࢆ༳ຍࡋ❅໬ࢆ⾜ࡗࡓ㸬
❅໬ᚋࡢヨᩱ⾲㠃ࡢ෗┿ࢆ Fig.9࡟♧ࡍ㸬࡞࠾㸪(a)ࡣࢫ
ࢡ࣮ࣜࣥᮍ౑⏝㸪(b)ࡣࢫࢡ࣮ࣜࣥࢆ౑⏝ࡋ㸪ෆ㒊࡟ヨ
ᩱࢆ⿦ሸࡋࡓ࡜ࡁ࡜ࢫࢡ࣮ࣜࣥࡢእഃ㸦ୖ㒊࡟タ⨨㸧
࡟タ⨨ࡋࡓ࡜ࡁࡢ෗┿࡛࠶ࡿ㸬ࡍ࡭࡚ࡢ᮲௳࡟࠾࠸࡚
ヨᩱ⾲㠃ࡣᮍฎ⌮ࡢヨᩱ࡜ྠᵝ࡟㔠ᒓගἑࡀぢࡽࢀ㸪
㙾㠃ᛶࡀಖࡓࢀ࡚࠸ࡓ㸬ࡇࢀࡣ㸪ヨᩱ⾲㠃࡬ࡢࢫࣃࢵ
ࢱࣜࣥࢢ࡟ࡼࡿᙳ㡪࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿ㸬 
ࣂ࢖࢔ࢫ㟁ᅽࢆ༳ຍࡋ㸪❅໬ࢆ⾜ࡗࡓヨᩱ⾲㠃ࡢ◳
ࡉࢆ Table 3࡟♧ࡍ㸬ᮍฎ⌮ࡢ⾲㠃◳ࡉࡀ 580HV⛬ᗘ࡛
࠶ࡗࡓࡢ࡟ᑐࡋ࡚㸪ࡍ࡭࡚ࡢ᮲௳࡛ 700㹼800HV⛬ᗘ࡛
࠶ࡾ㸪ᮍฎ⌮ࡢ◳ࡉࡢ 1.5 ಸ࡟‶ࡓ࡞࠿ࡗࡓ㸬SKD61
ࡢ❅໬ᚋࡢᣑᩓᒙࡢ୍⯡ⓗ࡞◳ࡉࡀ 1200HV ⛬ᗘ࡛࠶
ࡿࡇ࡜ࢆ⪃࠼ࡿ࡜㸪ᮏ◊✲࡛⾜ࡗࡓ❅໬ᒙࡢ◳ࡉࡣప
࠸ࡶࡢ࡛࠶ࡗࡓ㸬ࡇࢀࡣ㧗࿘Ἴࡢゎ㞳ᗘࡀ 1kW ࡛ 1%
௨ୗ࡜ప࠸ࡶࡢ࡟㉳ᅉࡍࡿ࡜⪃࠼ࡽࢀࡿ 10)㸬ࡲࡓ㸪ࢫ
ࢡ࣮ࣜࣥࡢෆ㒊࡟タ⨨ࡋࡓヨᩱࡢ❅໬ᚋࡢ◳ࡉࡣእ㒊
࡟タ⨨ࡋࡓヨᩱ࡜ẚ࡭ࡿ࡜㸪ప࠿ࡗࡓ㸬ࡇࢀࡣࢫࢡࣜ
࣮ࣥࡢෆ㒊ࡣእ㒊࡟ẚ࡭ࡿ࡜ࣉࣛࢬ࣐ᐦᗘࡀప࠸ࡓࡵ
࡛࠶ࡿ㸬ࡇࡢࡇ࡜࠿ࡽ㸪▷᫬㛫࡛❅໬ᒙࢆᙧᡂࡍࡿࡓ
ࡵ࡟ࡣ㧗࿘Ἴࡢฟຊࢆቑຍࡉࡏࡿ➼࡟ࡼࡾゎ㞳ᗘࢆቑ
ຍࡉࡏࡿᚲせࡀ࠶ࡿ࡜⪃࠼ࡽࢀࡿ㸬 
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Fig.7 Surface roughness 
UntreatedRa=24nm  Rz=194nm
N2 30% Ra=25nm  Rz =195nm  
N2 80% Ra=54nm  Rz =411nm  
N2 100% Ra=25nm  Rz=254nm   
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Fig.8 Surface hardness 
(a) Without screen 
Inside Outside
Fig.9 Surface photographs 
(b) With screen 
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㸬⤖ゝ
ᮏ◊✲࡛ࡣ㸪㧗࿘Ἴ㟁ຊࢆ༳ຍࡋࡓ㟁ᴟ࡜ࢫࢡ࣮ࣜ
ࣥࢆ⏝࠸࡚ࣉࣛࢬ࣐ࢆⓎ⏕ࡉࡏ❅໬ࢆ⾜࠸㸪ࡇࡢ᪂ࡋ
࠸❅໬ἲࡀ❅໬ᒙࡢᙧᡂ࡟୚࠼ࡿᙳ㡪ࢆㄪ࡭ࡓ㸬௨ୗ
࡟⤖ゝࢆ♧ࡍ㸬
㸯㸧㟁ᴟ㠃✚࡟౫Ꮡࡋ࡚ࢭࣝࣇࣂ࢖࢔ࢫ㟁ᅽࡀኚ໬ࡍ
ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓ㸬 
㸰㸧ࢭࣝࣇࣂ࢖࢔ࢫ㟁ᅽࢆ༳ຍࡋ㸪❅໬ࢆ⾜ࡗࡓヨᩱ
⾲㠃࡟ග㍤ᛶࡣぢࡽࢀ࡞࠿ࡗࡓ㸬 
㸱㸧-500Vࡢࣂ࢖࢔ࢫ㟁ᅽࢆヨᩱ࡟༳ຍࡋࡓ࡜ࡁ㸪ࢫࢡ
࣮ࣜࣥෆ㒊࠾ࡼࡧእ㒊࡟タ⨨ࡋࡓヨᩱඹ࡟ග㍤ᛶࡀぢ
ࡽࢀࡓ㸬 
㸲㸧ᮏ◊✲࡛ࡣᮍฎ⌮ࡢ❅⣲㔞 80%ࡢ࡜ࡁ㸪᭱኱◳ࡉ
ࡀᚓࡽࢀ㸪ᮍฎ⌮ࡢ 1.7ಸ࡛࠶ࡗࡓ㸬 
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Untreated Without
screen
With screen
Inside Outside
580HV 760HV 730HV 850HV
Table 3 Surface hardness 
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